The main treatment strategy for glucose-6-phosphate dehydrogenase (G6PD) deficiency is averting the use of oxidative precipitants like drugs or foods that trigger haemolysis. However, subjects could experience acute crisis in a comorbidity state of diabetes, hypertension or infection. In addition, the condition could in turn predispose carriers to these chronic diseases. Aim of the study was to evaluate the frequency of haemolytic crisis in carriers with attendant chronic diseases, and also assess awareness and knowledge of aggravated reactions from these conditions. 282 subjects consented and participated in the study. A cross-sectional semi-structured interview questionnaire conducted from May to August 2013 was adopted. Questions focused on demographics, awareness and when disease was diagnosed, type and frequency of crisis, family history, screening and presence of other diseases and awareness of trigger from these conditions. A total of 69.9% were G6PD deficiency gene carriers and mostly fell within the age group of 31 -40 (43.6%). 75.6% of the carriers were not aware that other disease conditions could exacerbate crisis. Non-drug related crisis was 85.3% compared with 14.7 drug related reactions. Out of the 69.9% carriers, 17.3% are diabetics, 18.3% of them are hypertensive and 25.9% are with bleeding disorders. Also, 29.1% had frequent episodes with bacterial infection. Symptoms experienced that were not drug related included, 44.8% attacks of pallor, 25.3% jaundice, 28.5% with shortness of breath, while 21.7% had dark urine frequently. No routine screening for other diseased conditions was carried out for these subjects despite experiencing frequent crisis that were not drug related. Carriers * Corresponding author.
Introduction
Glucose-6-phosphate dehydrogenase (G6PD) deficiency is a disease of the red blood cell (RBC) which exposes patients to intravascular haemolysis. The disease is a characteristic genetic enzymic disorder of RBC, which predisposes the cells to oxidative injury [1] [2] . The deficiency is believed to be caused by mutation in the G6PD gene, an X-linked hereditary genetic defect [3] often predominant in males [4] . Reports have shown that about 400 million people are affected worldwide and it is highly polymorphic [5] - [7] . The prevalence of G6PD disorder has been reported in many areas of the world including the Middle East [8] [9] . It was first reported in Saudi Arabia in 1965 [10] and evidence from other studies has shown that G6PD deficiency occurs in all provinces of Saudi Arabia and particularly in the eastern region [3] [11] . Because there is no routine testing to identify subjects who carry this deficient gene, most people became aware only when there is a crisis either to drugs or to food. According to reports, certain disease states can aggravate the severity of G6PD deficiency crisis apart from drugs or foods [12] . Chronic diseases like diabetes mellitus, hypertension and bacterial infections causing pneumonia have all been implicated in acute severe crisis amongst G6PD deficiency subjects [12] [13] . Epidemiological data suggested a link between G6PD deficiency and diabetes mellitus [14] . This association could be due to a relationship between insulin secretion and G6PD activity [14] [15] . On the other hand, a higher incidence of hypertension and idiopathic cardiomyopathy has been associated with G6PD deficiency [16] . This is because pressure overload induces redox stress in the presence of G6PD deficiency, enhancing the risk potential for crisis [17] . Wiesenfeld et al., [18] in their study, reported an increase in blood pressure amongst G6PD deficiency subjects. Furthermore, G6PD deficient subjects appear to be more susceptible to bacterial infection than normal individuals [19] . Infections by bacterial agents were reported to trigger severe crisis in neonates as well because they may on their own induce oxidative stress [20] . The effect of bacterial infection on G6PD deficient subjects is reported to be mainly due to reduced phagocyte activity, and a high rate of apoptotic activity occasioned by redox imbalance [20] [21] . Therefore, chronic disease states can exacerbate haemolytic crisis in G6PD deficiency subjects and hence can be said to an important predisposing risk factor. Level of education could be a factor for not knowing that existence of other disease could be detrimental to their well-being. The objective of this assessment was to a) to evaluate the frequency of haemolytic crisis in those with attendant chronic diseases; b) appraise awareness and knowledge of aggravated reactions from these conditions among deficient subjects.
Method
Study was approved by the Deanship for Scientific Research, King Faisal University, Al Hofuf Saudi Arabia. A cross-sectional semi-structured interview questionnaire conducted from May to August 2013 was adopted. A total of 282 subjects responded, were interviewed and completed the questionnaire. Eligibility criteria included males who are indigenes, born in Al Ahsa and with resident families within the community. They also included indigenous males with age of ≥8 and above. Any male within this age group who is not an indigene like expatriates and visitors were excluded from the study. The interview focused on issues like demographics, awareness of the disease and when it was diagnosed, type of reactions experienced, family history, symptoms experienced, screening for other diseased conditions, presence of other disease conditions and symptoms experienced. The questionnaire, which was in English language, was also translated into Arabic language to ensure that all respondents were able to read and understand the questionnaire in order to give their consent as well. Participation was voluntary, the purpose of the study was explained to respondents, and they gave their consent verbally and willingly. Also, the selection of respondents was carried out to represent the entire Al Ahsa community, particularly in Hofuf, Mubaraz areas and all the surrounding villages within Al Ahsa region. Confidentiality of names of respondents and all personal information collected were assured. Frequent crisis was classified in this study as experiencing crisis every month that is not drug induced. Symptoms considered as relevant to crisis include dark coloured urine, shortness of breath, and attack of pallor.
Statistics
Data collected were first recorded on excel spread sheet and analysed with the aid of IBM Statistical Package for Social Sciences (SPSS) 19. Descriptive statistics was employed to determine the frequencies. Student's T-test was used to compare group frequencies and statistical significant differences were set at p < 0.05.
Results
Age distribution of respondents display a well sampled questionnaire, which ranged from <10 to >50 years. Majority of the respondents fell under the age group of 31 -41 years, representing 40.1% out the total number interviewed ( Table 1 ). This group also represented the working class as they are all gainfully employed. Figure 1 shows the educational levels of respondents which revealed that they were educated up to at least intermediate level. This represented a total percentage of 94.7. It therefore means that they could all read and understand the content of the questionnaire which facilitated the process of the interview. From the analysis of the data, we also found out that 50.7% of the respondents admitted to intermarriage of first cousin. Additionally, only 7.5% of the total sampled population has ever been evaluated for drug reaction. This number is inclusive of both carriers and non-carriers of the defective gene.
Out of the total number of respondents sampled, 69.9% are carriers of G6PD deficiency gene (Figure 2) , showing that the population had a significant (p < 0.05) presence of the disease.
Interestingly, age group of 31 -40 years that was the highest number of respondents was also the most G6DP disorder affected group with 43.6%. 21 -30 years age group with 30.5% (Figure 3 ) followed this. Remarkably, 99.4% of them were diagnosed only during crisis.
Our result also showed that amongst the G6PD deficient subjects, only 14.7% had histories of drug reaction, whereas 85.3% did not (Figure 4) . Again, this shows that subjects had a significant (p < 0.05) non-drug related haemolytic crisis more frequently and this could be due to the presence of comorbidity.
Illustration on Figure 5 demonstrated that carriers had other associated disease conditions like, diabetes mellitus, hypertension, sickle cell disease, kidney disease, liver disease and bleeding disorders. They represented 17.3%, 18.3%, 7.6%, 1.0%, 4.6%, and 25.9% respectively. Added to this is a history of recurrent infection representing 29.9%. Figure 6 shows that significant number of those who are G6PD deficient did not have the knowledge that the presence of another disease could exacerbate their haemolytic crisis. The represented 99.5% and very significant compared to those who were aware (p < 0.05).
Results also revealed symptoms of acute haemolytic crisis that carriers of G6PD deficiency syndrome frequently experienced which were not drug related. The frequent symptoms include pallor (49.8%) jaundice (25.3%), dark urine (21.7%), shortness of breath 28.5%), and with its attendant infections which are regular features as shown in Figure 7 .
Discussion
G6PD deficiency is an inherited disease carrying with it the inability to provide reductive potential in form of Nicotinamide adenine dinucleotide phosphate (NADPH), which protects the RBC from haemolysing [22] . In Saudi Arabia, several studies have shown that different frequencies of the disease exist in different region [3] . However, in eastern region communities, evidence shows that the disorder does exist and appears to be high in prevalence as well [8] . In this assessment, 69.9% of the total respondents are carriers of the deficient gene, Also, 50.7% of the respondent admitted to intermarriage with first cousin within the family. Most of the respondents Figure 7 . Aggravated symptoms associated with frequent crisis amongst G6PD deficiency subjects that are not drug related.
of drug reaction. However, other factors can aggravate haemolysis if they co-exist in subjects. These factors can incite reaction that might be fatal [12] . Metabolic disease like diabetes mellitus, a situation of hyperglycaemia and ketoacidosis has been reported to be a potentially precipitating condition [12] [23]. We found that 17.3% of the respondents are diabetic and did not know that these scenarios could happen. Severe hyperglycaemia could further decrease G6PD activity and trigger crisis [24] . There is evidence that infection by salmonella, beta haemolytic streptococcus and E coli could predispose subjects to some of the symptoms of severe haemolytic crisis particularly with respiratory tract infection. This is due to oxidative reaction generated by macrophage phagocytic behaviour [12] . In this study, 29.1% of the subjects sampled reported frequent episodes of infection. These could be responsible for some of the symptoms the respondents experienced which were not drug related. Hypertension is another factor that can portend danger to carriers of G6PD deficient gene. This is because hypertension can cause RBC to become fragmented. Therefore, in hypertensive subjects stressed cells will be highly sensitive to fragmentation [25] . Our assessment revealed that 18.3% of the respondents are hypertensive. As a result, G6PD deficiency subjects were experiencing acute haemolytic crisis like jaundice, attacks of pallor, dark urine and shortness of breath. In such subjects, information and counselling will be helpful and will reduce hospitalization by keeping the blood pressure stable. Our study also showed that 99.4% of the carriers of the disease were diagnosed during crisis and only 50.8% of them received counselling about drugs and food that might be detrimental to them. This study has shown that although a significant number of the respondents are aware of the disease, majority are not aware that it is an inherited disorder that is predominant in males. In addition, that co-existence of other diseased conditions could trigger severe haemolysis is not to their knowledge. The community is a high-risk population, as G6PD deficiency is known and reported with a high percentage of diabetic and hypertensive patients. Therefore, the risk of experiencing acute symptoms is potentially high. Therefore, screening for diabetes, hypertension and monitoring for infection, which are implicated triggering factors for haemolytic crisis, should be undertaken. This is in order to mitigate and prevent severe haemolysis and to improve quality of life of suffering subjects. An accurate index of diabetes, hypertension or even bacterial infection linked G6PD crisis is needed as an indication of their relationship. In such patients, it is advocated that one should be less aggressive in treating hyperglycaemia to avoid rapidly induced euglycaemia, which may cause haemolysis. Published case study reports show that ketosis prone G6PD deficient diabetic patient experienced haemolytic crisis during a decompensation of hyperglycaemia which might precipitate a sudden change in glucose level [24] [26] [27] . The limitation for this study is that the sample size is small and needs to be expanded for a study with this importance. Also the study design does not make room for comparism with control population. Hospital records of carriers were not examined.
Conclusion
Therefore, the presence of chronic diseased states and or bacterial infections can be predisposing factors that may frequently, cause haemolytic crisis among G6PD deficient subjects in accordance to previous reports. There should be a paradigm shift on the assessment and treatment strategy for G6PD deficiency patients other than averting the use of oxidative precipitants known to cause haemolysis. Carriers should be aware that comorbidity states could potentially precipitate sever crisis, leading to increased medical cost due to hospitalization. We strongly recommend that people with G6PD deficiency who also have conditions like diabetes mellitus or hypertension, should be aware that these diseases could potentially trigger sever crisis just like some drugs or food. Information about potential interaction with these conditions should be provided as part of health care informatics. This is because adequate BP and blood sugar control will minimize acute haemolytic crisis in comorbidity subjects.
